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Wc, Kearney & Treckbk Corporation, 
^ Corporation organized under the laws of 
the State of Wisconsin. Uniied States of 
America, of 1 1000 Theodore Trecker Way, 
City of West Allis. State of Wisconsin, 
United States of America, do hereby declare 
the invention. :;' for Mkh we pray that a 
patent may be granted to 'us. and the 
method by which it is to be performed, to 
be particularly described in and by. the fol- 
lowing; statement:: — v ~ ; ^ 

rhis invention relates. to a LASER CUT- 
TING MACHINE TOOLiincdrporalinc a 
metal cutting laser Wr shaping and h.achin- 
Jng a workpiece to a selected conficuration. 
-•■ As known in. the art. the word "laser" 



emission of radiaiibh^i Certain types of 
lasers have actually had sufficient power to 
penetrate a relatively thin sheet of metal. 

According to this invention, a metal cut- 
ting machine tool comprises a laser provid- 
ing a source^br 



operative to change' the output beam from 
said laser into ;a} lights beam of rectangular 
cross-section ad^ to cut a slottco 1 open- 
ing } of a wrrap%i~d^ shape, 
in a metal workpiece,- and a movable work' 
suj^orl operative^tp 
,tiye tq tHe^^ 

said beam shaping apparatus; for predeter- 
, mi ria tely shading " t he: w^rkjiiece. ' : ' 
'0*t&&, foregoing^ and : tfrfcr^bbj^ of Ctfce I 
invention which ; will tecome .more tully ap? 
parent from the following detailed descrip- 
tion of exemplifying apparatus, may be 
achieved b^ the ^ 

: [Price - ^ r 



chine tool described herein as a preferred 
embodiment thereof in connection with the 
accompanying drawings, in which ; 

Figure 1 is an enlarged detailed view, 
partly diagrammatic and partly perspective, 45 
of a laser cutting machine tool embodying 
the principles of this invention; 
v Fig: 2 is ari enlarged .detailed view, partly 
in front elevation and partly in longitudinal 
vertical section, through the laser beam 50 
shaping and beam orienting apparatus; 

Fig. 3 is a fragmen^vicw^of the rect- 
angular beam output; portion of the beam 
shaping apparatus; " \ * '* ' 

Fig. 4 is an cnlar^;Jfrlghientary view 55 
of a laser; and 

Fig. 5 is a fragmentary schematic view 
of an electrical control circuit for angularly 
orientating the beam shaping apparatus. 

Referring now to the drawings, there is 60 
shown in Figure 1 a laser cutting machine 
tool constituting a preferred embodiment of 
this invention. The; machine comprises a 
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sliding movementialbng an X axis. Although 
. not shown Mn Figure I, it will be understood 
that -a tabic screw nut depending-f rpni ; the 
wprktable is 'eh^gc#;;b^ table 
Iscrew ^npt: -iKow^ M 
known manner to be rotatably driven by a 
fij^ix^^f'^yq drive motor AS. The X 
axis scryb ^ 

in ^well-know mariner tq drive a tacho- 
meter generator 19 which is connected to 
provide a feed, feck? control signal for con- 
trilling the speedy of the servo motor 18 
at selected rate.: ' Vv . 
/ .Rearwardly of the worictable 17, a ver- 
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tically upstanding column 22 is secured to 
the machine base 12. The upper portion 
of the column 22 is provided with spaced 
apart parallel guideways respectively dis- 
5 posed to slidably engage flanged ways se- 
cured to the opposite sides of a work cut- 
ting head 24. Only die right flanged way 
25^ of the head 24 is shown in Figure 1 as 
being maintained in engagement with the 

10 right horizontal column way 26 by a gib 
28. In similar manner, the opposite way 
(not shown) secured to the cutting head 24 
is retained in guiding engagement with co- 
operating left column way (not shown) by 

15 means of a gib 30. Both of the gibs are 
removably bolted directly to the column 
in well-known manner, as shown in Figure 
1. 

The usual screw and nut translating 

20 mechanism (not shown) is operatively inter- 
connected between the cutting head 24 and 
the column 22 for effecting rectilinear move- 
ment of the head along a Y axis. Move- 
ment of the cutting head 24 along the Y 

25 axis is effected in response to selective ener- 
gization of i reversible servo drive motor 
32. The Y axis servo drive motor 32 is 
mcfCliatnically connected to drive an asso- 
ciated tachometer generator 33. The tacho~ 

30 meter generator 33 is electrically connected 
in well-known manner to supply an elec- 
trical feedback signal to the servo control 
system for the Y axis motor 32, thereby 
regulating its speed at selected rate. 

35 The forward portion of the cutting head 
24 is provided with a forwardly extending 
flanged support plate 35, having a central 
beam rnxvimi aperture 36 aligned with a 
laser output beam 37. 

40 As shown in Figure 1, die laser beam 37 
is directed vocally d^^ a laser 

39 carried in fixed relationship by a for- 
wardly extending portion 40 of the cutting 
head 24* As known in the art, the output 

45 beam 37 from the laser 39 is generally cir- 
cular in its cross sectional configuration. To 
mpre effectively perform metal cutting oper- 
ations, the circular laser beam 37 enters the 
ajj^re 36 and is directed into ai beam 

50 forming apparatus 42 rotatably carried by a 
stationary housing 44 fixedly secured to the 
underside of the head support plate 35, 

Durihs its ifessage through the rotatable 
beam shaping apparatus 42, the circular 

55 entrant laser beam is changed into a rect- 
angular or "chisel shaped*' output beam 
45. Although the rectangular output beam 
may be of any selected dimension within 
the power caipScity of the laser, it is pre- 

00 ferably 020 of an inch by .120 of an inch 
in size. Upon striking metal that is to be 
formed, the rectangular output beam "cuts" 
that metal to provide a rectangular open- 
ing therein tbkt Approximately corresponds 

65 to the cross-sectional shape of the laser cut- 



ting beam 45. Because of the rectangular 
shape of the laser beam, therefore, it is 
necessary to properly orient the cniire beam 
shaping apparatus 42 and the rectangular 
output cutting beam 45 during a metal form- 70 
ing operation. For example, during longi- 
tudinal movement t of the worktable along 
the X axis to effect a rectilinear cut in a 
workpiece (not shown), the beam shaping 
apparatus 42 is angularly rotated in a man- 75 
ner that the rectangular shaped laser beam 
is parallel to the direction of worktable 
movement. In other words, the long edge 
(.120 inch) of the laser beam is maintained 
parallel to the direction of the cut to be 80 
effected in the workpiece (not shown). 

In a similar manner, with the worktable 
maintained in stationary position, the cut- 
ting head 24 is movable along the Y axis 
to effect a rectilinear "cut" in a workpiece 85 
(not shown). During such a laser cutting 
operation along the Y axis, the beam shap- 
ing apparatus 42 is caused to be rotated 
90* for maintaining the rectangular laser 
beam 45 parallel to the Y axis; of move- 90 
ment In other words, irrespective of the 
angular direction of a laser cutting opera- 
tion, the beam shaping apparatus 42 is an- 
gularly positioned to effect a corresponding 
angular positioning of the rectangular laser 95 
beam 45 therefrom with its long edge paral- 
lel to the direction of cutting movement. 
During an arcuate cut, as would be effected 
by simultaneously energizing both servo 
motors 18 and 32 at pr^etermined varying 100 
rates, the beam shaping apparatus 42 is 
dynamicaliy repositioned in a manner to 
continuously maintain the rectangular laser 
beam 45 tangent to the arcuate path of 
cutting travel 105 

To effect the required angular orientation 
of the rectangular laser beam 45, the beam 
shaping apparatus 42, is connected to be 
selectively rotated by a servo motor 47. The 
required angular drienia^pn of the servo WQ 
motor 47 is effected by an A.CI error signal 
49i as indicated by the block diagram in 
Figure 1, from a resolyer 50. 

Tp provide the proper ^ directional signal 
the resoiver 50 is responsive to the codrdin- 115 
ate signals from the tachometer generators 
19 and 33 respectively associated with the 
X and Y axes of movement. As shown in 
Figure 1, both the resolyer 50 and the servo 
motor 47 are secured to the stationary hous- 120 
ing 44 depending from the fixed support 
plate 35. 

As shown in block diagram form in 
Figure 1, the machine schematically repre* 
sented may be controlled by a * numerical 125 
control system contained within a control 
cabinet 52. Predetermined machine move- 
ments are effected in the usual manner from 
a control tape in the cabinet 52, arid which 
functions to provide speed and positional 130 
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command signals along a channel 54 to a 
. . "•■ scrva control system 55. Froni the servo 
system 55, command signals arc transmitted 
along an output conduit 57 for effecting 
5 velocity, directional and positional control 
prthe servo motors 18 and 32; resn^ttvely, 
At a predetermined position of .tne woit- 
piece (not shown) in response ". to actuation 
of the servo control system 55 t ttit numerical 
10 control ^ 

output command signal along an output con- 
duit: 58 to : render va laseri power supply 59 
operable for transmitting power along the 
conduit 6Q to activate the laser 39 sufiic- 
15 iently to : perfpiro- h t he , ^eciut^ J l : miriil'-" ' oi^ 
; :'#hS operation. This arrangement provides 
•f or Programming the operation of the laser; 
as well as for controlling; the intensity of 
, ; , the emitted -.metal/ cutting beam and the 
20 duration of its activation in performing a 
part icufer metal fpnhing opcratiuh. A plur- 
_ ality of radial ly disposed, cooling fins, such 
as thejcpplin^ firir6*2;,are carried by the beam 
shaping apparatus !42 for dissipatine heat 
from changing the shape of the 
: - laser beam. 

During a metal, cutting operation, a re- 
solver control 63 is responsive to energiza- 
tion of the tachometer generators 19 and 33 
30 as schematically indicated by conduits 64 
and 65. In accordance with the enerci2a- 
tion of the servo motors 18 and 32 and the 
u resulting .energization; ot tachometer gen- 
. erators 1 9 and 33, the resolver control 63 
35 ts sp activated; as v to provide a control signal 
- along conduit 67 to energize the resolver 
50. the latter 1 being connected via the con- 



formed in the bored opening in the flanged 05 
portion 76. 

The inner race of Uie lower bearing 71 
is maintained lin abutting , engagement with 
a circular flanged shoulder 83 presented by 
a tubular lens support 84. The inner race 70 
of the upper ^Q^;^.il$'.R^taiyd^ in 
engagement with the edge of a fitting collar 
86 encircling the upper end of thefltubular 
lens; support 84; arid; having its up^r edge 
engaging a :sidc face of a drivih£;wbnh gear 75 
87.- *■ . . ' - ^ \- ; . 

The wornivgear 87 is fixedly secured to 
the" upper end of the tubular lens support 
84 by means of fillister head screws 89. The 
Worm gear 87 functions to maintain the 80 
mbular lens, support 84 m 
. the ; inner -races of bearines 70 and 71. as 
well as Jp retain i the spherical lenses 90 and 
9Mn proper position^ 

t*% r^ri}^ral arcuate edge of the lower , 85 
spherical lens 91 engages a conVplemen&ry 
drcular'and arcuate^ shoulder 92 integrally 
formed toward the; lower central portion of 
the tubular lens' support 84. The circular . 
planar upper edge of the spherical lens 91 00 
is engaged by the underside of a tubular-. S:':; 
spacer 95 having an inverted conical open- 
ing 96 formed therein. The upper end of 



^he jubular spacer 95 provides a circular 



95" 



shoulder directly engaging the peripheral 
edge of the underside of the upper spherical 
lens 90. 

; Th e upper spherical lens 90 is maintained 
in . a proper vertically aligned position with- , 
in a circular opening 98 formed in a central TOO 
depending hub portion of the worm gear 87. 
^ ; : duit 49 to supply a control signal for con- ^ sliglitlyjarger concentric circular open- 
f trolling the angular orientation of the servo m B 99 "itf'tnV gear 87 is adapted to receive 
40 m6tor*47. a circular; clamp ring 107, the underside of 

Energization, of the, tachometer generators ^ h, ? h direcUy\engages the upper peripheral 105 
19 and 33 likewise pirates to provide sig- S g ^l^ Aplura Uy- 

rials along the conduiv 65 to operate a feed- # °. f Peripherally spaced clamp screws 109 
back control 70 connected via a conduit ; h readed(y engage suitably tapped openings 
45 71 to transmit feedback control signals to !? th * p ? n T ? f lhc , 87 ln P osi ~ 
the servo control system 55. Feedback .■ liw " !ha 1 t lh fi h ™<** «Jjwof maintain the cir- 110 
control signals along the conduit 71 control r !fj s j? 7 ™ :P™F* clamping 

the operation of the servo motors 18 and S^^K^* VPRCr $phenCal Ien$ 
32 iri accordance^ithVthe input command 9(X *S8S38r " 



70 Tnd ? 71 S above two lower cylindrical lenses j 1 1 and 



-rr. i it* uuicr, ucaruig races enga^ 

^^^J^^^Sb^^i with four yertlcallv disposed taooed" hoTes 

r^L^fv%^^ <° «A .abut a that are threadedly eneaced, bv four ver- 

retamtng nne 81 engagmg an annular groove tically depending studs 1 14, spavin quad- 
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rilateral relationship, as shown in Figs. 2 and 
3. The four studs 114 extend through four 
correspondingly spaced vertical holes 
formed in a transversely extending beam 
5 shaping mask 115 that is maintained in 
clamped engagement with the lower end 
of the tubular support 84 by two lens clamp- 
ing members 117 and 118. Each of the 
clamp members 117 and 118 is respectively 

10 provided with two spaced holes for respec- 
tively receiving two of the four clamping 
Studs 114. The two clamp members 117 
and 118 arc maintained in clamping engage- 
ment with the opposite parallel edges of 

15 the cylindrical lenses 111 and 112 for co- 
operating therewith to constitute a unitary 
optical beam shaping assembly secured to 
the four studs 114 by four cooperating 
clamp nuts 120. For gripping the upper 

20 lens Il lV the spaced apart clamp members 
117 and 118 are respectively provided with 
u pper grooves adapted to engage the oppo- 
site parallel edges 123 and 124 of the upper 
cylindrical lens 111* In similar manner, the 

25 clamp members 117 and 118 are provided 
towara their enlarged lower ends with trans- 
versely extending rectangular grooves dis- 
posed to engage the opposite parallel edges. 
125 and 126, of the lower cylindrical lens. 

30 For retaining the cylindrical lenses in 
damped engagement between the clamp 
members 117 and 118, the latter are urged 
toward one another, as shown in Figs. 2 and 
3. by two enlarged C-shaped clamps 129 and 

35 130. As shown in Fig. 3, the clamp 129 is 
provided with a leftward flange 131 that -is 
urged into damping engagement with a side 
face 132 of the clamp member « 1 17. The 
o^site end of, the clamp 129 is provided 

40 with a cooperating dainping flange 135 
having a plurality of tapped holes respec- 
tively engaged by damp screws, only one 
clamp screw 1 36 being shown in Fig. 3* The 
clamp sere w 136 is urged into damped en- 

45 gagement with a side face 138 of the damp 
niembSr 118/ thereby tiring the flange 13 L 
into clamped ^nga^en^ht with the member 
117. ' 

In a similar manner, the damp 130 is 

50 provided with a flange 141 and a cooperat- 
ing flange 142 having a plurality of tapped 
lible^; is shown in Figs. %_ arid adapted 
to receive clamp screws 143. For cooper- 
ating with the clamp 129 to provide an 

55 equalized lens damping pressure, the damp 
screws 143 are urged into clamping engage- 
ment with the face 132 of the lens clamp 
member 1 17 thereby urging the damp flange 
141 into damping engagement with the side 

60 face 138 of the clamp mdmber 118. 

For maintaining the Gshaped clamp 
members 129 arid 130 in equalized clamping 
engagement with the lens damp tnembers 
117 and 118, each of the latter is provided 

65 with a pair of vertically spaced, trans- 



versely bored holes. As shown in Figs. 2 
and 3, the bored holes in the clamp mem- 
ber 117 are adapted to receive a pair of 
transversdy extending clamp bolts 145 and 
146, both of which are disposed to extend 70 
through correspondingly spaced bored holes 
formed in the respective clamp members 
129 and 130. In similar manner, the trans- 
verse bored holes in clamp member 118 are 
adapted to receive transversely extending 75 
clamp bolts 149 and 150 which likewise 
extend through correspondingly spaced 
bored holes In the oppositely disposed 
clamps 129 and 130. 

As shown in Fig. 3. the head 147 of 80 
clamp bolt 146 is urged into damping en- 
gagement with a side face of the clamp 129 
as the clamp nut 148 is urged into clamping 
enaaeement with a side face of the clamp 
1 30. ~ Likewise, the head 151 of clamp bolt 85 
150 is urged into damping engagement with 
a side face of the clamp 130 as the clamp 
nut 152 is ureed into damping engagement 
with a side face of clamp 129. It will be 
apparent that the upper clamp bolts 145 90 
and 149, Fig. % are secured in a similar 
manner. 

As shown in Figs. 2 and 3, the lower 
inner edges of the lens clamp members 117 
and 118" are spaced apart a sufficient dis- 95 
iance to provide a rectangular slotted open- 
iris 155 through which the rectangular or 
"chisel shaped** laser beam 45 is emitted. 
In Fig. 3 there is represented the generally 
rectanqular configuration of the cylindrical 100 
lenses 111 and 112. as well as an enlarged 
cross-sectional view of the rectangular out- 
put beam 45 transmitted therethrough. As 
hereinbefore explained, it will be apparent 
that the damp members 117 and 118 are 105 
retained in damped engagement with the 
two cylindrical lenses 111 and 112 to cori- 
sUtute it unitary assembly that is fixedly 
secured to the rotatable tubular lens sup- 
port 84 for cooperating therewith to con- 110 
stittite the unitary beam shaping apparatus 
42. 

For selectivdy rotating the entire beam 
shaping apparatus 42, the worm wheel 87 
is engaged by a cooperating worm 160 se- 115 
cured to the servo motor drive shaft 161 of 
die servo motor 47. To provide proper 
lubrication to the intermeshing worm 160 
and worm wheel 87, it will be understood 
a sump 156, formed within the housing 44, 120 
is adapted to receive lubricating oil (not 
shown) from the usual oil filter opening 
(not shown). Further, the upper edge of 
the circular housing flange 76 is provided 
with a drcularly extending rectangular re- 125 
cess adapted to receive a continuous felt 
oil seal 157. With its upper edge, the dr- 
cular fdt Seal 157 frictionally engages a 
side face of the Worm wheel 87. Above 
the worm wheel 87, as shown in Fig. 2, a 130 
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circular depending retaining collar 158 is 
secured to the support plate 35 by means 
ot screws 159. On its underside, the de- 
pending collar 158 is provided with a rect- 
angular recess adapted tp receive a\ con- 
tinuous circular felt oil seal 164 jnaintainetd 
in f rational engagement with the upper side 
face of the worm wheel 87, thus, the two 
Oil seals 157 and 164; constrain lubricating 
oil within the housing oil sump 156. Ah 
enlarged -spur gear 162; secured to the worni 
gear 87 by sticeWs 163 is connected to rotate 
ah thternieshirig pinion 1(55/ Fig. Z for 
driving^ rotor 166 of the resolver 50, Figs! 
/"l.^aifl'Si.-to' a null position iri response: to 
rotation of the angular pbshiohing v servo 
motor 47. - J > 

As shown in Fig. 2, the generally circular? 
pulpit b^ 

through the aperture 36 to the upper spheri- 
cal lens 90 which projects a cdnically diverg- 
ing beam 168 to the spherical lens .91.. The 
r enlarged; beam, 168 is transmitted by the 
; spherical lens 9 1 into an enlarged collimated 
t^m 170 of considerably less intensity than 
the entrant laser beam 37. .J-%cii^:Jiitei«5e-- 
collimated beam 170 is directed tbwarxl va 
rectangular opening 171 presented toward; 
the central portion of the mask 115. With 
the enlarged laser beam 170 of reduced inV 
tensity, as shown in Fig. 2. it will be ap- 
parent that the rectangular opening 171 is 



known in ; the art, laser is an acronym fpr 
light, topHfication ^ by stitriulatbd emission of 
radiation;; /_•• 

A high powered ruby type laser 39, that 
may be used as a source for a metal cutting 70 
light beam, is illustrated in Fig. 4. , A . ; ruby 
rod 176 is carried within a tubular housing 
177 in spacing collars 179 and 180 to con- 
stitute the active laser element. At its left- 
ward/ end. the ruby rod 17<5 is provided 75 
with a. semi-transparent partial reflector 181. 

At its opposite end. the ruby rod 176 is 
adapted to project out w&dl£ an intense light 
beam; toward a beam expanding lens sys- 
tem comprising the cpnccntfically disposed 80 
lenses 182 and 183 both of which are car- 
ried in fixedly spaced relationship within 
the tubular housing 177; As shown, the 
iiensvl 82 is mounted in a spacing collar 184. 
The rightward end 185 of the ruby rod 176 85 
is completely : transparent to allow free 
egress of the beam 188 which is transmitted ; ; 
by the.lens 182 into an outwardly diverging 
beam 1 89, : the latter being transmitted by 
the lens 183 into an enlarged collimated 90 
beam 190. The enlaced beam 190 is 
dieted towa^i the totally reflective: mirror 
191 fixedly carried within the rightward 
end of the tubular housing 177, as shown 
iri Fig, -4. From the totally reflective mirror - 05 
191, a coincidental return beam is reflec- 
tively projected toward the lens 183; the 



considerably larger .'.than the concentrated latter functioning, to reversibly project a 
4 rectangular output beam 45 emitted from coincidental converging beam toward the ? . 
35/ the lower cylindrical . Jens 112; In order Jens 182, , The lens 182, in turn, functions 100 
„. J?: * a l?S? : the shape of i the enlarged circu- to transmit a coincidental collimated beam 
lax beam 170. ; extraneous portions of the, 188 of reduced cross-sectional urea to the 
circular beam are stopped by the mask 115 end 185 of the ruby rod 176. 
^; as' graphically ijtustrated in Fig. 2: In spite Upon energizing the. ruby rod 176, tlie 
40 of the enlarged beam 170 being of reduced resulting light is reflected back and forth 105 
intensity, considerable heat is still gener- between the , semnlrariVmrerit, partial Ve- 
nted in the mask 115 which functions to flcctbr 181 at tht left end of the ruby rod, 
stop those extraneous portions of the beam and ■ the: greatly enlarged, totally reflective 
: that are ^ ;directi5d thrbuglr the enlaced mirror 191; • At the" light is reflected be- 



e J ::lMJH^ ~. \ " ^ „ jwiccicu n uie_miensuy or ine reiieo 

/^^ r JJ»ssing through/ the rectangular Jigbt i^|onUnu(&sly increased. During t 
» W 1 ^' °R3? fysH3* *' *e resulting .enlarged ^ -rect- ^ v p^c0p^|Hfe amplification; die beam/ex^ 
^^nplar'lbeam^ 173v is directed to the s bppcr: 'V:pandihg>:lens system, comprising lenses 182 120 

cyhndncal lens 1 1 1 which directs a rectangu? and 183- clcctively enlarge a portion of the 
; ; JaHy sto ' • 

k: Hi" Tlie beam ?is5 

transmitted;; by the ^ lower f%lindrical : lens 



/^ 

. -\ angularly^ shaped. laser, beam- 45. 

As hereinbefore explained with .reference 
to Fig. 1, the laser 39: is of thVhfcK powered 
\ ruby type adapted to emit^a hi^ -^ : ^ Lj 
,, -65.^ tohefeht beam for cutting ; 



:infcr|rl^ 

intensity of light incident upon the totally 
/reflective mirror 191. , ,< 

To activate the ruby rod ; 176 for prridutt 125 
ing IfehU there is prcwd^ 

. , . , ductofs 195 and 196 to be t ^lectively erier^ 
high, powered gized by the usual power supply circuit. 59; 
metal. As as/ ^ematicatly „ ; indicated.^ in Fig. 4.„ 130 
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Although not shown in the drawings, it will 
be apparent that a laser of the ruby type 
can be provided that does not incorporate 
the beam expanding lens system (lenses 182 
5 and 183). and the totally reflective separate 
mirror 191, shown in Fig. 4. In such a 
laser (not shown), the rearward or rightward 
end of the rubv rod would be provided with 
a total integrally formed reflector in a man* 
10 ner that the light amplification would take 
place entirely within the ruby rod. 

In Fig. 5, there is represented a schematic 
diagram of a circuit for controlling the ener- 
gization of the resoiver 50 to provide an 

15 output control signal for properly orientat- 
ing the rotatable beam shaping apparatus 
42, Figs. 1 and 2. Whenever the tacho- 
meter generator 19. associated with the X 
axis is energized, stator windings 202 and 

20 203 of the resoiver 50 are energized, in 
turn, to effect energization of the winding 
205 of the resoiver rotor 166, In a similar 
manner, energization of the tachometer gen- 
erator 33 effects completion of a control 

25 circuit for energizing the stator windings 
208 and 209 of the resoiver 50 to effect a 
correspondingly proportionate energization 
of the winding 205 of the resoiver rotor 
166; Upon selective energization, the re- 

30 suiting control signal from the rotor 166 of 
the resoiver 50 is transmitted via output 
conductors 211 and 212. The conductors 
211 and 212 continue within the conduit 
49. Fig. 1, to provide an energized control 

35 Signal for effecting the required energization 
of the servo motor 47. In response to the 
corrective signal, the servo motor 47 is 
caused* to rotate for effecting proper angu- 
lar orientation of the rectangular beam 

40 shaping apparatus 42, and concomitantly 
therewith, rotation of the resoiver rotor 166 
to a null position, thereby stopping rotation 
of the servo motor 47. 

Power for selectively energizing the stator 
46 windings of the resoiver 50 is derived from 
£ center tapped winding 215 or inductor that 
is interconnected between A C power supply 
lines 217 and 218. An energized conductor 
219 is connected to maintain the proper level 
50 of vbltage on the plates or anodes 220 and 
221 of Vacuum tubes 223 and 224. In a 
similar manner, an energized conductor 227 
is connected to maintain the proper voltage 
level on the plates 228 and 229 of the 
55 vacuum tubes 231 tod 232. 

The cathodes 234 and 235 of tubes 223 
and 231 are connected via a common con- 
ductor 236 to a resistor 238 having its op- 
posite terminal connected to an energized 
60 conductor 239 which is connected to the 
center tap 240 of tie energized winding or 
inductor 215. Likewise, the cathodes 244 
and 245 of tubes 232 and 224 are connected 
via a common conductor 246 to a resistor 



248 having its opposite terminal connected 65 
to the energized conductor 239. 

A battery 250 and rectifier 251 are inter- 
connected between conductors 253 and 254 
which are respectively connected to main- 
tain a negative bias on the vacuum tube 70 
control grids 256 and 257. as well as the 
control grids 258 and 259. Thus, in the 
absence of voltage from the tachometer 
generator 19. none of the vacuum tubes 
223. 224. 231 and 232 are conductive, and 75 
consequently, the stator windings 202 and 
203 remain in deenergized condition. 

Upon rotation of the tachometer genera- 
tor 19 in one direction, control voltage along 
the conductors 260 and 253 renders the con- 80 
trol grids 256 and 257 more positive, and 
consequently, the vacuum tubes 223 and 
232 are then conductive. With this con- 
dition existing, one energized circuit is com- 
pleted from conductor 219 via plate 220 and 85 
cathode 234. thence along, the conductor 
263 to one terminal of the stator winding 
203, connected via a conductor 264 to the 
stator winding 202; this circuit continues 
along a conductor 265, and resistor 248. to 90 
the energized conductor 239. During the 
alternate half cycle, a circuit is completed 
from tiie energized conductor 227* via the 
plate 229 and cathode 244 of the tube 232 
to the conductor 265. This enercizsd cir- 95 
quit continues through the stator winding 
202, conductor 264, and the stator winding 
203 to the conductor 263; the latter con- 
ductor 263 being connected to complete the 
energized circuit via the conductor 236. and 100 
the resistor 238 to the conductor 239. 

In a similar manner, upon rotation of 
the tachometer generator 19 in the opposite 
or counterclockwise direction, the vacuum 
tubes 223 and 232 are non-conductive, and 105 
voltage is transmitted along conductors 267 
and 254 to render the vacuum tube control 
grids 258 and 259 more positive. With the 
control grids 258 and 259 more positive, the 
respectively associated vacuum tubes 231 110 
and 224 are rendered conductive to again 
energize the stator windings 202 and 203 
in a manner similar to the hereinbefore des- 
cribed. Inasmuch as the vacuum tube 
plates 229 and 221 are respectively erier- 115 
grzed by conductors 227 and 219 respec- 
tively, the associated tubes 231 and 224 are 
alternately operative to complete circuits for 
effecting corresponding energization of the 
stator windings 202 and 2031 A first cir- 120 
cuit. for example, is completed from the 
energized conductor 227^ via plate 228, 
cathode 235, and conductor 236 to conduc- 
tor 263 connected to energize windings 203 
and 202. During this condition, the return 125 
circuit from the winding 202 is completed 
via conductor 265. and resistor 248, to the 
energized conductor 239. During the alter- 
nate" half cycle, the vacuum tube 224 is 
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operative to complete a circuit from ener- 
gized cpnductori2i?, plate 221 . cathode 245, 
conductors:24fcand 265 to windings 202 and 
203 resp^ctiyeiy. This return circuit' from 
the wihdingr203 is then completed via the 
condtictorsr263 # 236, and the resistor 238 to 
the energized Conductor 239. 

Asyshopn in Fig. 5, the circuit foi: effect? 
jtig;*^^ windings 208; 

and 209 is spaced rightwardly from the: 
center tapped winding 215. Energized con? 
diictpr 219 is connected to supply current 
of 'the proper voltage to the plates 270 and 
271 vacuum tubes; ^3 >hd -574." and 
conductor 227 is connected to supply cur- 
rent of the proper level to plates 276 and 
277 of vacuum i tubes 279 and 280. 

The cathodes 282 and 283 of tubes 279 
and 273 are' connected to a conductor 284 
that is connected via a conductor 285 con- 
nected to one terminal of the stator winding 
209. The stator winding 209 is connected 
via a Conductor 287 to the stator winding 
208 which, in turn, is connected to a con- 
ductor 288. From the cpnduaor i;288, the 
^circuit continues vik a common conductor 
289 to the cathodes 290 and 291 of the 
vacuum tubes 274 and 280. . \ ; 

;The common conductor 289 is connected 
via a resistor 293 to an energized conductor 



the winding 208, and theiice via the conduc- 
tor 288, common conductor 289, and the 
tesistbr 293 ; tb 

Whenever the tachometer generator 33 is 
rotated in the opposite or counterclockwise 
direction, vol&ge is transmitted along con- 
ductors 313 aihdS 302 to Jrender c^trdf grids 
308 arid 309 mbre positive; thereby render- 
ing ^ ^sociaua tubes 273 and 280 con- 
ductive. With this condition existing, ener- 
gized circuits again arc alternately effected 
via the vacu um tubes 273 and 280 for ener- 
gizing the statoiy bindings 208 and 209 of 
the revolver 50^ * f ' >■■;■■■:■-. 

Although the exemplary embodiments of 
the invention have been described m con- 
siderable detail in order to fully disclose 
practical operative apparatus incorporating 
the invention, it is to be understood that 
the particular structures shown and des- 
cribed are aiustrative only. / 

WHAT WE CLAIM IS:— ; 
K In a laser cutting machine tool, a 
laser comprising a source of an intense; col- 
litaated light beam of a generally- Circular 
cross-sectional configuration, a beam shap- 
ing apparatus operative to chanse the cir- 
cular, output beam from said laser into a 
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, »J?8K P tRm of rectangular „ cross-section 
294 connected to the center tap 240 of the ^ adapted to cut a slotted opening of a cor- 95 
energized winding 215. In like manner, the responding rectangular shape in a metal 
common conductor 284 is connected via a workpiece. and a~ movable work support 
resistor 296 to the energized conductor 294. operative to move a workpiece relative to 
A battery 297 and rectifier 298 are inter- the rectancular laser light beam from said 
connected between the conductors 301 and beam shaping apparatus'for predeterrainately 100 
302 which are respectively connected to shaping the workpiece. 
supply a -negative bias to the vacuum tube 2: In a laser machine tool according' to 
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and^Oiare conducive; and the stator wind- effect selective rotation of said support car- 

ings 208 and 20?;are retained in deenergized riage for effecting £ selective an eular orien- 

condition. ; ' ;; k Ration of = the rectangular metal cutting' out^ 

Whenever the tachometer generator 33 is put beam therefrom. 

in> clockwise direction, a circuit 3. In a laj^tfchine tool according to HO 

is completed along conductors 311 and 30! claim 2 characterized bv said work; sup- ' 

to render the control grids 305 and / 306 port and said carriage for said laser acti- 

more positive and to render the tubes 279 vated beam: 'shaping- apparatus being car- 

and 274 conductive. During this condition, ried for relative movement alone two 

a first circuit is completed from the energized mutually transverse axes of movement a 115 

conductor 219 via the plate 271 of- .the power control system connected to effect} ' 



tube 274y -and thej cathode 290 to the con- 
ductor 288. This circuit continues via the 
winding 208. conductor 287. and winding 
209 to the conductor 285. The circuit from 
conductor 285 continues via the common 
conductor 284. and; the resistor 296 to the 

nate half cycle, the enCTOzed circuit is com- 



coordinate relative movement between sa»d 
work support and said carriaee for said 
team shaping anparatus at selectively vary- 
ing rates for effetfing a contouring opera- ^ 
tlon as said carriage is rotated by said power 
. drive. v ' - - '[ : " ;; . 

. 4- In a laser machine tool accordine to 
claim 3 characterized bv a control connected ; 
pleted,from the energized conductor 227 via to be continuously actuated bv said control 125 
the plate 276 and cathode 282 of the tube svstem for oneratiri<r sa»d oower drive to 
279 to the conductors 284 and 285 to : the effect oredetermined: a n^ular movement of 
windiiic 209. From the stator. winding 209, i&id cam*^ 

the circuit continues along conductor 287,' angular orientation of said rectangular laser 
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cutting beam relative to a v/orkpiccc car- 
ried by said work support. 

5. In a machine tool according to claims 
3 and 4 including an auxiliary controller 
operable to operate said power drive for 
effecting angular movement of said carriage 
for continuously maintaining said rectangu- 
lar laser cutting beam from said beam shap- 
ing apparatus parallel to the resultant path 
of relative movement of a workpiece car- 
ried by said work support. 

6. In a laser cutting machine tool ac- 
cording to claim 1 characterized by a laser 
comprising an intense source of collimated 
light and a beam shaping apparatus com- 
prising an optical system operative to en- 
large the beam from said laser Into an en- 
larged collimated light beam, a beam shap- 
ing mask having an enlarged rectangular 



opening interposed in the path of said opti- 20 
cal system, and an optical focusing system 
positioned to receive the enlarged rectangu- 
lar beam from said mask and reduce the 
enlarged beam to an intense collimated light 
beam of a relatively small rectangular cross- 25 
sectional configuration. 

7. In a laser cutting machine tool ac- 
cording to claims 1 and 6. laterally extend- 
ing cooling fins associated with said beam 
shaping apparatus disposed to dissipate heat 30 
resulting from the shaping of a laser beam 
by said apparatus. 

STEVENS. LANGNER, PARRY 
& ROLLINSON, 
Chiartered Patent Agents, 
Agents for the Applicants. 
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